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(g) Dew point measuring method and apparatus. 

temoerature a^^hf h«t fl^^ V ^^'"Perature of the condensing surface approaches the dew point 
Sbns ^' condensing surface approaches zero, i.e.. at adiabatic 
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Field of the Invention . 

The present invention relates generally to an apparatus for measuring the dew point temperature of a a^^ 
Background of the Invention . 

release or endothermic absorption of heat as mol^h.m nr.LJ~ surface. It senses the exothermic 

soon as condensation begins, heat of condensation fs released fro^ Z lnlnT T^^f^ " 

densation surface. The heat flow sensor respondrto twl h^^ ri i ^^"''^"sate and flows into the con- 

the atmosphere's dew point, and hen^ronts'relativ: hum.^^ty ' ''""'^ '""'"'"^ determination of 

sink.'l'^oo'^Tirc^rat^^^^^^^^^ ^, ' t "^''^"^^^ ^ '^-^ 

temperature than the other, and the output In^s fromThf^n' ? ' " ^ ^"^^^'^ ^'S^^"" 

series opposition. A stream of gas under test Csl?rver he ^a^^^^^^^^^ 

ance in the signal from the oppositely electricallv conner^ln LnT.! ^'^'^''^^'^ 'Change or imbal- 

cooler sensor and the exothermic heat oT^ndLiiont ^^^^^ f °" 

sensor at that instant is the dew point of the gas temperature of the cooler 

flow sensors, it is d.ficu,t to calibrate over Jd:d":S;^^^^^^^^^^^^ 
Summary of the Invention . 

I. .s .n.th« obj« «, prckte . s.„siav. d.vk» for ^ poin. m««,™™„K ttat cn operate ov. 
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wide ranges in temperatures and relative humidities. 

These and other objects are accomplished with the inventive method and device for measuring and track- 
.ng dew point temperatures. The dew point is measured by lowering the temperature of a conden^ng surface 
le^ln IT' H T "T°^ ""'^ condensing surface is maintained at a pr^ 

1 H ' ^"^ temperature of the condensing surface. As long as a positive heat flow is main- 
tZt T ^".--^^^^ temperature of the condensing surface is maintained at a slightly lower 

ofTh« cnnllr T ^^'-f "°".'-'"P«^-ture which is by definition the dew point and is also the temperature 
that when Jon^f 71 'T'^'^' "^^^^ P°'"t temperature calculation is based on the relationship 

that when condensate forms on the condensing surface, the temperature of the condensing surface appraach- 

Sirbatl coSdmonr''"'"" " '''''''' approaches zero' i.e.. at 

imbiSdTd^nThl°f ""^"r .K^^^'■"'^,1 "^'^"'^ niaintained by employing a single heat flow sensor which is 
imbedded .n the face of the thermally conductive body. The sensor monitors the rate of heat transfer at the 
condensing surface. The sensor also generates a signal which is bidirectional, that is. heat flow from the gas 
into the condensing surface generates a positive signal while heat flow from the condensing surfacl to ?he 
densinrsurf'ace."'"^*''^ """"""^ ""^ "° *° temperature of the con 

fh« Irr'"^*''^ "^n?^* '"""""^ continuously provided by a heat exchanger with sufficient capacity to cool 
the temperature of the condensing surface below the dew point regardless of the heating by the Sr^sample 

Of trconn" ""r- '^"'^'"^ thesensorsurfacl The tempeZ e 

ltd h^l T"'''?.^ " '"""^"^'^ ^•^^ ^^^^ ^^^'^'^^^ ^ preselected rate by means of a heater 
placed between the coolmg and the sensor surface. Thereafter, should the haat flux into L condensing su^ 

tZl . P^^'^'''^ '■^'^ ^'^"^'^ '""^ ^° '^'^ ^^"troller will actuate an electic heat^ 

thereby ra.s,ng the temperature of the condensing surface and reducing the heat flow to q'. the pJ^selStS 

th. S,Tt'« P°'"' decreases which reduces the heat flux Into the conductive body signals from 
the heat «ow senior will (partially or fully) deactivate the heater. This allows the condensing su S to 

ooe atl° , T ^"'^ ^^^"^^ '^--t tt^^ predetermined rSeTrn nol^ 

ofthfhlT ' 

^IiIIh T T f t'.^""' '° ^''j"^' ^"^ t*'^ ""t heat flux to the condensing surface at U^e pre 

selected f ux q Aga.n. this assures that the condensing surface, which is exposed to the vapor-air mixtu e 
temoTr^L^r ^t^' condensate which accumulates on the condensing L^^^ 

Brief Description of the Drawings . 

Figure 1 shows the temperature profiles of a thermally conductive body, condensate and aas 
Figure 2 is a schematic of one embodiment of the inventive device ^°"°«"«2te. and gas. 

sors'r;;ai^dtrh"rp^^^^^^^^^ 

Description of the Preferred Embodtments 
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The condensate film 1 01 ?hat forms haTaTerloe^hi '^^ ^^^^ °' "elow the dew point, 

surface 102 of the thermally conducive bodyS St at rtL'rm", hT"' '^^"^"'^'^"V K,- If the condensing 
that a positive flow of heat into the condensTng surlce s m^^^^^^^^ ""^ condensate layer, such 

curve 103 is established. So long as the temolrat^re T nfT ! ' ^^^^P^^^'"""^ S^^dient represented by 
the dew point, condensate remains (Mts ^^nT thltemn ^""7^9 '^''^'^ - -maintained at or below 
surface interface is also at T3.) The conrnsSe fl 5 0 hT ^ f conductive body at the condensate 
temperature, T^... is higher than that of the oondl n su fai'Tof ^/^^ r '° V' ^"'^ ^"^^^^^ 
the water vapor interface, is the dew point temperXe ^ definition, Tsat, the temperature at 

The heat flux (,) into the conductK^e body 1 00 can be .presented by the following formula: 

^ (^SAT *^ '^s) FORMULA I 
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If • . "^^^^ ~ Ts + (q X 6)/Kw (FORMULA 11) 

face,oondrs;^raurco:^^^^^^^^^ 

fluctuations in the gaseous environment. ?or examX slt^d t^^^^ " ^'^'^"^ ''^^'^"^^ '° ^««P°"d to 

ative humidity decreases, the concomitant decrease tn tS h^^t ^ T"' '^P^^^'"'^ drap. e.g.. if the rel- 
power to the heater and thus allows for add^tonal coo i^n th ""^'^'^ '^'SS^^ ^ ^^duction of 

adjusted to be slightly below the ne^ L ^ t ter^'^^ wir?"*"" °' "^^^^^ 
lected value. Converaely. If the dew point rises the t«m^Zr " ^ '"^ '° 'he prese- 

to maintain the conatani heat flu^n t^s Son the^f^^^ of the condensing surface is raised in orter 
point temperature Ts„. ' condensing surface temperature Ts will track the dew 

^^ns!:^^^^^^^^^ point temperature by maintaining the con- 

maintained by employing a heat flow senior 203 which -"^-"^^t- 201. The thermal balance is 

body 204. The latter is constructed of l " ^ copper o o h^^^ '^""^ ''^^^^''v 

rate of heat transfer at the condensing surface ThT^rr't.^ T T ^"'^ '"°"»o^« the 

the present invention so long as it^s S>arof senl^t^^^^^^^^^ ''"'^ '° 

mopile is a preferred heat flow sensor ^hnensor o Zi^- ' ''^^ condensing surface. A ther- 

is. heat flow from the water layer into the^ndens^^^^^^^^ self-generated signal which is bidirectional, that 
the condensing surface to t he'water layer ge e ates a neal "e sTon^f th' r ""^"^ ^'^^ 
.nterface 202 is by definition the saturation or dew po^nt te^^^^^^^^^^^^^ 

throug^hte^cl^^::™^^^^^^ 

by coolant source 221 . ^ ® temperature of the cooling block. The coolant is supplied 

byth^SlCarbTci::^^ 

surface. The temperature of the condensing surface i^^^^^^^^ ' '^^^'"^ '"'^ condensing 

the preselected heat flux <,'. The heat f S mS e^ bv t e h^.^n' temperature to maintain 

controller 209. Thus, if the heat flux into the cTnden^fnnl , !. ^^"^"^ connected to heat 

^ the sensor to the controller will actuate the Sric heatr.o? °k" ' '^^"^^'"'^'^^ ^'-S-'^ ^^--^ 

.that the temperate Of the body and crrg Srdr^^^^^^ 

the hrfri'iLrs (^ir^rtS^^^^^^^^ sthetir^ t 

cooled to a point just below the new dew po nV^ that the h-t ri I ' conductive body to be 

normal operation, coolant continues to circS^ t'oSgLrut the meaL^^^ Predetermined rate In 

y luuu ine measurement. This assures that the condens- 
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IS. Kept at a direct relationship to the saturation or dew point temperature at the air-condensate intf-rtaor 
r.Jf^^T''' "^f -^'^'^'^^''^ conditions, the preselected constant heat flow rate q' is set as low as oracti 

20 ?rinc eLs T °" 0 avtd ^ J condensate forms the temperature gradient between T3 and 

c^^.ro.h the sa.pJ.o. l^^^^^^^ ^l^^Z^^Z^^ 

pro.:tn^^f3:r:drr^^^^^^^^^^ P-^ed . the end Of a 

protects the probe in harsh environments TemDerZre ch«^n T / '^^^"^ ^^''^^ 

ductive body, includina coolinq coT 30^ anT^^^ ""^^"^ temperature of the con- 

a portion of L conducti>^Sy So'am^^^^^ T"*'""' ''^""^ 

controller 320 Gas samZs d^ffus^ f hlT k T ^ ° ^"'^ ''^^""S monitored by heat 

the condensing su facr^OS Cperrj^^eTenTof^n;"" ^'^'^"^ --^-^ covers 

and heat flowtensor 350 LruS't he^^^^^^^^ 

for measuring the dew point at differlnMoL il :rra ^ri" l^^^^^^^^^^^^^ " "^^^""^'^^'^ ^'"^ 

testing. "'^ ^ ^®^sel or for use as a portable unit for field 

v.n.,o„, di^^ir rcoro'Zir;;^^^^^ '° -'""^<^"'- scope o, .hel 

Claims 

1. A ~ tracking the dew point temperature of a gas comprising- 

t^.!;^-™^^*"'^^^"^°'' '° ''^^ temperature of said condensing surface- and 

peraturlTtrtrmarr^^^^^^^^^ se^ Change the tern- 

selected heat flow rate. ^° ^^^^ heatflows into the thermally conductive body at a pre- 
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Il!mfv/h°'"!r'' ^^"^'"^ '^^''"'^ "'^^'"^'^ ^ further comprising means responsive to signals 
from said heat flow sensor and said temperature sensor for calculating the dew point temperature of said 

The dew point and tracking device as defined in claim 2 further comprising means for removing conden- 
sate from said condensing surface. ^ v-uhubh 

The dew point measuring and tracking device as defined as in claim 2 wherein the temperature change 
means oornpnses a cooling coil and a resistive heater both in thermal association with the thermally con- 
ductive body, wherein the heatflow sensor comprises a thermopile, and wherein the temperature sensor 
comprises a platinum RTD. 

The dew point measuring and tracking device as defined in claim 4 further comprising a sample flow chan- 
nel which defines a flow path for the gas. » K 

vrctivrdrSrihTeW^"""^ ^""^ ^'^^"'"^ "^"""^ '^^^'"^'^ ''^^'"^ ^ comprising a perforated con- 

The dew point measuring and tracking device as defined in either claims 2, 3. 4. 5, or 6 wherein said cal- 
culating means determines the dew point temperature by employing the relationship that when the con- 
densate forms on the condensing surface, the temperature of the condensing surface approaches the 
dew point temperature as the heat flow rate approaches zero. 

A method for measuring and tracking the dew point of a gas comprising the steps of- 
bnngmg the gas in contact with a surface of a thermally conductive body 

..^.r^^T^^V^^ temperature of the thermally conductive body to cause condensate to form on the 
surface of t he thermally conductive body; 

sate haTformS ^^^^ "^'^ ^""^^"^ thermally conductive body when conden- 

adjusting the temperature of the thermally conductive body until the heat flow into the reference 
body reaches a preselected rate; and 

measuring the temperature of the surface of the thermally conductive body. 

The method as defined in claim 8 further comprising the steps of 

^h. 'lew point by employing the relationship that when condensate forms on the surface 

of the thermally conductive body, the temperature of the condensing surface approaches the d^ point 
temperature as the heat flow rate approaches zero. i-nes me aew point 

t^he^urt^Af'.h '?h"'' '".r'^"" ! comprising the step of periodically removing condensate from 

the surface of the thermally conductive body. ' » 
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